A circularly polarized electromagnetic beam is considered, which is absorbed by a plane, and the mechanical stress produced in the plane by the beam is calculated. It is shown that the central part of the beam produces a torque at the central region of the plane due to the spin of the beam, and the wall of the beam produces an additional torque due to orbital angular momentum of the beam. The total torque acting on the plane equals twice the power of the beam divided by the frequency. This fact contradicts the standard electrodynamics, which predicts the torque equals power of the beam divided by frequency, and means the electrodynamics, as well as the whole classical field theory, is incomplete. Introducing the spin tensor corrects the electrodynamics.
Does the electrodynamics' spin tensor exist?
As is well known, photons carry spin, energy, momentum and angular momentum that is a moment of the momentum relative to a given point or to a given axis. Energy and momentum of electromagnetic waves are described by the Maxwell energy-momentum tensor (density)
where F ¼ ÀF , F ¼ F g g (, , . . . ¼ 0, 1, 2, 3) is the field strength tensor. For example, P i ¼ Ð V T i 0 dV is the momentum of a wave inside a volume V, and dW ¼ Ð a T 0i da i dt is the energy that has flowed through the area a in the time dt. The angular momentum, that is a moment of the momentum, can be defined as [1] 
and this construction must be named an orbital angular momentum. However, modern electrodynamics has no description of spin.
The electrodynamics starts from the canonical Lagrangian [2, (4-111) ], L c ¼ ÀF F =4. Then, by the Lagrange formalism, the canonical energy-momentum tensor [2, (4-113) ]
and the canonical total angular momentum tensor [2, (4-147) ]
are obtained. Here
is the canonical spin tensor [2, (4-150) ]. Its space component is E Â A:
The sense of a spin tensor U l is as follows. The component U ij0 is a volume density of spin. This means that dS ij ¼ U ij0 dV is the spin of the electromagnetic field inside the spatial element dV. The component U ijk is a flux density of spin flowing in the direction of the x k axis. For example, dS z =dt ¼ dS xy =dt ¼ d xy ¼ U xyz da z is the z-component of the spin flux passing through the surface element da z per unit time, i.e. the torque acting on the element.
The sense of a total angular momentum tensor means that the total angular momentum of an element dV is dJ
It consists of two terms: the first term involves a moment of momentum and represents an orbital angular momentum; the second term is spin. It must be emphasized that a moment of momentum cannot represent spin. This idea is discussed in the paper [3] , which was written in response to [4] . However, the canonical tensors (3), (4), (5) are not electrodynamics tensors. They obviously contradict experiments. For example, consider a circularly polarized plane wave,
That is why a spin term is absent in Equation (11) . Nevertheless, physicists understand they cannot shut their eyes to the existence of classical electrodynamics spin. And they proclaim spin is in the moment of the momentum (2) . That is, the moment of momentum represents the total angular momentum, orbital angular momentum plus spin. In other words, Equation (2) encompasses both the spin and orbital angular momentum density of a light beam [2, [7] [8] [9] [10] :
Contrary to this paradigm, we introduce a spin tensor U l into the modern electrodynamics [11] [12] [13] [14] [15] [16] , i.e. we complete the electrodynamics by introducing the spin tensor, i.e. we claim the total angular momentum consists of the moment of momentum (2) and a spin term, i.e. we claim Equation (11) is wrong, i.e. we state the moment of momentum does not contain spin at all:
In contrast to the procedure [5, 6] , we offered other addends to the canonical energymomentum and spin tensors, viz. @ A l F and 2A ½l @ A , which satisfy the equations
As a result, we arrive at the Maxwell tensor (1) T l instead of (8) and, at long last, at our spin tensor U l (15) instead the zero: The difference between our statement (12) and the common Equation (11) is verifiable. The cardinal question is, what angular momentum flux, i.e. torque , does a circularly polarized light beam of power P without an azimuth phase structure carry? The common answer, according to (11) , is
our answer, according to (12) , is
Statements (12) and (17) are also valid in the case of plane waves or a beam which is much larger than the particle under action if P is the power absorbed by the particle. Some theoretical calculations, in particular, the calculation of absorption of a circularly polarized light beam in a dielectric [9, 14] , the calculation of a radiation of spin by a rotating electric dipole [16] , as well as numerous experimental works [10, [17] [18] [19] [20] , confirm our result (17) as is shown in [15] . At the same time results of [21, 22] confirm the common formula (16) .
Another manifestation of the spin tensor concerns the mechanical stress that arises in a target absorbing a circularly polarized electromagnetic beam. A stress tensor density T iĵ describes this stress. The quantity T iĵ is calculated in Sections 2 and 3 of the present paper for the cases (11) and (12) , respectively. The stress in the case (11) is proven to be in contradiction with the evidence. The two terms of (12) describe two different torques which equal each other but are exerted in different places. This fact, in our opinion, excludes double-counting of a torque.
In Section 4, it is shown that the so-called decomposition (11) of the moment of the Poynting vector in an orbital and spin angular momentums [7, [23] [24] [25] [26] is false.
Absorbing of the moment of the Poynting vector flux
According to (11) , a plane wave traveling in the z-direction and with infinite extension in the xy-directions can have no angular momentum about the z-axis because E Â B is in the z-direction and ½r Â ðE Â BÞ z ¼ 0. However, this is no longer the case for a wave with finite extension in the xy-plane. Consider a circularly polarized beam with its axis in the z-direction and traveling in this direction [7] 
Here E 0 ðx, yÞ ¼ E 0 ðrÞ is the electric field of the beam. For short we set The profile E 0 ðrÞ of the beam may be Gaussian [27] ,
but it doesn't matter. We set
so, the power of the beam is
(the over lines mark complex conjugate complex numbers). We need also the p x , p y components of momentum density: Let a plane z ¼ 0 absorb the beam. Then the plane, according to (16) , must experience the torque
(we ignore the light pressure). We will get the stress tensor density T ik of the plane. We use the cylindrical coordinates r, , z
with the metric
The square root of the determinant of the metric tensor is a scalar density of weight þ1. Gothic symbols are usually applied to denote tensor densities [28] . We shall, instead, mark the density with the symbol 'wedge' at the level of bottom indices for a density of weight þ1 and at the level of top indices for a density of weight À1. A volume element and a surface element are densities of weight À1, dV^¼ dr d dz, da^¼ dr d as well as the absolute antisymmetric density eî jk , which equals AE1, or 0.
where the matrix elements
The physical component of momentum density p is equal to the coordinate component of the tensor density p :
So, because c ¼ 1, the tensor density p equals the momentum flux density, i.e. the force tensor density f :
This force density f î acts on the absorbing plane z ¼ 0, thus
where r k T ik is the covariant divergence of the stress tensor density of the plane. As is known [28] 
Because T r ¼ T r , Equation (30) gives,
This equation has a solution
It is easy to verify that T rr ¼ T ¼ 0. Integrating the equation for C(r) yields
According to (34) , C ¼ 0 and T r ¼ 0 in the central region, where E 0 ðrÞ ¼ E 0 ð0Þ. Thus, there is no mechanical stress in the central region of the target, according to the standard paradigm (4). This is depicted in Figure 2 .
C(r) increases up to C max ¼ Ð 1 0 rE 2 0 dr ¼ 1=2p in the wall region, in accordance with (20) . Correspondingly,
outside the wall region. It is easy to verify that tensor density (35) satisfies r k T ik ¼ 0. A plot of T r ðrÞ is given in Figure 2 . By the use of Equation (35) which increases up to the whole torque
in accordance with (16) and (23) . However, a circularly polarized beam, as well as a circularly polarized plane wave, beyond doubt, acts on a central region of an absorbing plane by a torque. This torque arises from the fact that the dielectric constant " is a tensor. Consequently the electric intensity E is, in general, not parallel to the electric polarization P in the medium of the plane. The torque per unit volume produced by the action of the electric field on the polarization of the medium is [21] 
But this torque is not connected with the moment of the Poynting vector (2) and (11). Feynman repeated this explanation [29] . We quote [29] with some abridgements.
If we have a beam of light containing a large number of photons all circularly polarized the same way, it will carry angular momentum. Now remember what right circularly polarized light is, classically. It's described by an electric field so that the electric vector E goes in a circle -as drawn in Figure 17 -5(a). Suppose that such a light shines on a plane which is going to absorb it -or at least some of it -and consider an atom in the plane according to the classical physics. We'll suppose that the atom is isotropic, so the result is that the electron moves in a circle, as shown in Figure 17 -5(b). The electron is displaced at some displacement r from its equilibrium position at the origin and goes around with some phase lag with respect to the vector E. The relation between E and r might be as shown in Figure 17 -5(b). As time goes on, the electric field rotates and the displacement rotates with the same frequency, so their relative orientation stays the same. But look, there is angular momentum being poured into this electron, because there is always a torque about the origin. The torque is eE t r which must be equal to the rate of change of angular momentum dJ z =dt:
This torque is not connected with the moment of the Poynting vector (2) and (11) . The tangential component of the Poynting vector density is zero at the central region of the plane. Thus, the standard paradigm cannot explain this central region torque. However, Allen and Padgett [30] try to explain the action of a circularly polarized plane wave by a torque on a central region of an absorbing plane in the frame of the standard paradigm. They cut the wave into coaxial pieces in their mind and then claim that every piece produces a torque because the large intensity gradient near the boundary of the piece results in azimuthal components to the momentum density.
I think this is not correct. An intensity gradient near a wall of a beam results in the azimuthal components only in the case of a real beam satisfying the Maxwell equations. There are no azimuthal components in a piece of a wave that is simply cut off from a whole wave. Such a piece cannot be considered at all because it does not satisfy the Maxwell equations.
Absorbing of the spin flux density
Now we consider an addition to the tensor density T ik of Section 2. The tensor density T ik of this section is due to absorbing of the spin angular momentum flux density (15) by the central region of the target. The field of the central region of the beam is (18)
The point R 0 (see Figure 1 ) satisfies the equation
The electromagnetic field (40), according to (15) , gives the component of the spin tensor
Here
, the over lines mark complex conjugate complex numbers, and @ z ¼ À@ z . Now we obtain the cylindrical components of the spin tensor density by the formula
are the matrix elements (27) . For example,
As is well known, the local conservation law r k T ik ¼ 0 is accompanied by the angular momentum conservation law (see, e.g. [31] , p. 64)
In our case
where T 3 ½r is the antisymmetric part of the 3-dimensional stress tensor density in the material of the absorbing plane. Using Equation (45), we arrive at an antisymmetric stress tensor, which characterizes a medium absorbing angular momentum flux. Integrating Equation (45) over z yields for r < R 0
where T r ¼ Ð 1 0 T 3 r dz stands for 2-tensor density as well as in Section 2. Thus, for r < R 0
This means that the edge of a disk of radius r, which is cut off from the plane, i.e. a circle of radius r, acts on the remainder of the plane with a torque. The force acting on an element dl of the edge is dF ¼ T r dl, and the torque corresponding to the element is
Thus, material of the central region transmits the received torque to the periphery by inner tangential stress of (45), and the torque increases with r. The result (48) can be obtained in another way. By definition of
So a disk of radius r, which is cut off from the plane, experiences the torque
However, in our opinion, Equation (54) does not prove that orbital angular momentum is spin. The proof of the Humblet transformation (54) uses B ¼ r Â A. The integrand of (11) is written as
The first term in the right-hand side is zero for the beam (18), (19) . Really, the Lorentz gauge vector potential corresponding to (18) is (see e.g. [35] ) So,
The second term in the right-hand side of (55), according to the standard procedure, is augmented by the zero, 0 ¼ ÀE Â A þ E Â A. Then the second term is written as
I duplicate here the equality r½Eðr Â AÞ ¼ r Â ½ðE Á rÞA þ E Â A in the index form
So, the integrand of (11) takes the form
Equation (60) is depicted in Figure 4 (compare with Figure 1 ). When integrating, the first term on the right gives zero and we arrive at the famous Equation (54). However, the equation only expresses a change from integrating over the wall region of the beam to integrating over the bulk. This change does not prove that the torque acts on the central region of the target, and that the moment of the Poynting vector is spin. This change of the integrating region proves nothing. For example, consider an analogous integral Ð r Â j dV ¼ Ð r Â ðr Â HÞ dV over the surface of a long solenoid where j is an electric current density of the solenoid. We have ð r Â ðr Â HÞ dV ¼
This equality between the moment of an electric current and the integral of H over the solenoid volume proves nothing. Another transformation of the angular momentum (11) is offered by Stewart [25, 26] . He uses the electric vector potential Å (see Section 1) instead of the magnetic vector potential A, and he obtains
instead of (54) for the beam (18) . But this result can be easily obtained if one rewrites Equation (55) as
i.e. changes E ! B, A ! Å.
It must be noted that Å Â B is a magnetic alternative to the component U xy0 c
of the invalid canonical spin tensor (5) and was presented in [36] . For the beam (18),
Conclusions
This paper conveys new physics. We review existing works concerning electrodynamics spin and indicate that existing theory is insufficient to solve spin problems because the spin tensor of modern electrodynamics is zero. Then we show how to resolve the difficulty by introducing a true electrodynamics spin tensor. Our spin tensor doubles a predicted angular momentum of a circularly polarized light beam without an azimuth phase structure. The tensor is needed, in particular, for understanding of essential characteristic features of a rotating dipole radiation [16] . Nevertheless the Reviewer admitted publishing of the paper because he was sure that the paper being in error and would not damage the interests of the physical authorities. He wrote: -"This is a difficult paper to judge. It attempts to clarify and correct some questions in one of the 4 or so century-old controversies in classical electrodynamics, perhaps the major one of interest in modern optics. I think the paper, almost in the present form, would be a useful addition to the research literature on the topic, and I'm willing to recommend publication with minor changes. This is despite the paper being in error, in my opinion. The paper is on a topic where the literature is literately riddled with error, confusion, and dispute. The topic is of interest in practical issues in optical micromanipulation and of theoretical interest in the foundations of field theory and classical electrodynamics. Given the confused situation of the literature on this topic, I'm prepared to recommend the paper for publication despite the errors -it won't make things worse, and does make, in my opinion, a positive contribution. The main error in the paper, in my opinion, is one of double-counting. The angular momentum transport by a light beam can be deal with, in most cases, either in terms of the moment of the Poynting vector, or by the spin + orbital angular angular momenta, as done by Humblet. For example, there is a page of problems in Jackson, 3rd ed, devoted to this point. The author adds the two together, which is wrong. However, I don't think this will lead readers into error, so I don't see this as a real obstacle to publication". And Prof. Jonathan Marangos wrote to me: -"September 9, 2007. We are pleased to accept your paper in its current form and we look forward to receiving further submissions from you.
Reviewer-2009, when considering my next paper *), also understood the conclusion, and was sure that the paper being in error, but, unfortunately, as opposed to Reviewer-2007, he believed that "the conventional (Maxwell and Poynting -based) theory of optical angular momentum is in excellent agreement with all recent experiments and there is no need nor evidence for any correction of the type envisaged by the author". And paper *) was rejected.
Now an anonymous Editorial team has recognized that the conclusion presented in my new paper (this paper) is true. The team requested a translation of my old paper **). The team could give no objections against this paper. And then the team rejected this paper because this paper would damage the interests of the physical authorities. This is a shame! *) Khrapko R.I. "Experiments for Determination of Angular Momentum Flux Density". This paper is now published: "On the possibility of an experiment on 'nonlocality' of electrodynamics", Quantum Electron, 2012, 42 (12) , 1133
